Abstract. While literature often tries to impute mathematical constants into art, this large-scale study (11 databases of paintings and photos, around 200.000 items) shows a different truth. The analysis, consisting of the width/height proportions, shows a value of rarely if ever one (square) and with majority of images having a proportion larger than one, but less than e.g. the golden ratio. Furthermore, more images have the inversed proportion, meaning that portrait paintings are more common than landscape paintings. The inverse is true for photographs, i.e. more landscape than portrait format photographs has been found in the databases.
Introduction
While math has been used as a model for aesthetics for a long time, few studies have corroborated such model with large-scale empirical findings. Indeed, it is easy to find art examples that match e.g. the golden ratio, but such an example does not in itself constitute proof of the concept (Gardner 1952) , and many claims about golden ratios found in art has also been refuted (Markowsky 1992) . Still, art is being made with proportions of which many found some more beautiful than others. Many art books will for instance give instructions for painting proportions to be rectangular, but not too much so (sometimes even referring to the golden ratio). Paintings and photos (2D shapes) would exist in rectangular shapes that are higher than wide (portraits) or wider than they are high (landscape). Because of the well-known Shepard table illusion that states than a rectangular shape seen higher than wide as larger compared to if seen wider than large, it could be hypothesized that painting and photos would have less high portraits in order for portraits and landscapes to seem equal. The Shepard table illusion is linked to the horizontal-vertical illusion that states a vertical lines looks longer when presented with a horizontal line, compared to when it is presented alone.
Much art-work has been digitalized in the last years. This digitalization has choices with regards to cropping, colors, etc. In particular, the cropping could potentially have influence on analysis of paintings proportions. Painting are cropped without the frame, and it is in the following assumed that cropping include the entire picture. The largescale of the current experiment is made possible by the digitalization of many art collections. In Sect. 2, the supposed links between art and mathematics are reviewed. Section 3 presents the experiment and Sect. 4 offers a conclusion.
Art and Math
The golden ratio is a mathematical pearl that is found through many methods, of which the most known are the line division (in a line of length c, divided into two sections of length a and b, when (a + b)/a = a/b, then the result is the golden ratio φ), and the division of following Fibonacci (Posamentier and Lehmann 2007) numbers (the limit of Fn/Fn-1 when n goes to infinity is φ). The value of the golden ratio φ ≈ 1.61. It has the property that φ-1 = 1/φ. Solving this gives the exact value φ = (1 + √5)/2. It is an irrational number. Too many works has tried to find links between the golden ratio and art works (Gardner 1952) . Some studies have investigated the aesthetics of this ratio. Green (1995) gives a review of this work, and offers the conclusion that if there is a preference for the golden ratio, it is fragile. Many studies don't provide raw data, not quantitative analysis. Plug (1980) , states in the conclusion "there is a broad range of maximum preference for L/B ratios in the vicinity of the golden section".
The precision of many studies may also be lacking. If there is a preference, perhaps it is almost equal to the golden ratio. Some older studies, (Fechner et al. 1876 and Lalo 1908) , as referred to in Elam (2001, pp. 6-7) has investigated the height/width ratio in common objects and found a preference for proportions in the vicinity of the golden ratio. The preference (found through analysis of books and other objects proportions) was highest for 5/8 = 0.625, as compared to 2/3 ≈ 0.67 and 13/23 ≈ 0.56. For more discussions on the validity of the golden section, Boselie (2004) offers a good overview of relevant literature. Some of the propositions to explain the golden ratio, as cited in Boselie (Boselie 2004) are that it corresponds to the visual field, that it corresponds to the proportions of the female face, and many more. Boselie also performed an experiment in which subjects were asked to state their preferences for a shape with golden section and one without. No preference for the golden section was found.
Many paper systems exist, of which the ISO paper size system (Kuhn 2014 ) is perhaps the most used. In this system, each larger size has width equal to previous height and height equal to double of the previous width. This gives a height/width proportion equal to √2 ≈ 1.41. This ratio enables the same proportions be retained when cutting the paper in two. The ISO paper size system is used in most of the world, except USA. The American letter size has proportions 17/11 ≈ 1.545 (letter) and 22/17 ≈ 1.294 (legal). Other medias, such as photo cameras has aspect ratios of 4/3, 3/2 and 16/9, or 5/3, 5/4, and 1/1 in medium and large formats. TV format has gone from 4/3 to 16/9 in the last few years.
Experiment
This study main purpose is to assess the empirical preference for width/height proportions. This is done by assuming that this preference is the ruling base for the decision of proportions in painting and photographs. A large database of digitalized painting and photos has then been collected. It consists of 7 databases of mainly European paintings totaling 174.012 images, of which one is contemporary art, and 3 databases of photographs totaling 25.801 images. As an example, the Cfga (2014) online art museum has 7348 images of paintings, of which Picasso has made 28 (including portraits of himself). This database is analyzed with regards to width and height primarily.
Width and Height
The widths and heights of the images of paintings in the Cfga database are shown in Fig. 1 . Each dot on the image represents one digitalized painting. It is clear that the photographer has chosen to use some widths and heights more often than other. In particular the multiples of 50 above 600 (600, 650, ... 1100) are more prominent than others. In addition to this, less paintings are found in the diagonal going from (0, 0) to (1200, 1200), representing the square paintings. In opposition to this, there seem to be more painting to the left and right of the square diagonal. 
Width/Height
These rectangular proportions of the Cfga database can be seen in the histogram of width/ height proportions in Fig. 2 . As can be expected, a wide variety of proportions are found in this database. The proportions are found from very high (w/h = 0.25) to very wide (w/h = 4) paintings. A small peak is found for the rectangular paintings, and larger peaks are found on both sides of the square position (w/h = 1). These peaks are found at position 0.78 and 1.24. The golden ratio positions (1.61 and 0.61) are found on the descending slopes. Golden ratio (0.61) has 0.30 % of the maximum below square, and (1.61) has 0.20 % of maximum above square. It is clear that if there exist a preference, it is not found in the vicinity of the golden ratio. The squares with proportions around one in Fig. 2 in are in part consisting of round paintings that have been photographed into a square. The number of 'portrait' painting is larger than the number of 'landscape' paintings. This ratio is approximately 1.5, i.e. there are 50 % more portrait than landscape paintings in the Cfga database.
Width/Height and Size
Now, the correlation between proportions and size is investigated. The width/height proportion is plotted versus the size in Fig. 3 . The discrete multiples-of-50 height and width values are prominent. The size (diagonal) is measured in pixels, as the real size metadata was not always available. No trends with regards to proportion/size relationships are present. The lines in the figure indicate that as either the width or the height increases the other dimension is constant. There is no proof or indications that the size influences the width/height proportions. 
Other Databases
The Cfga database clearly demonstrates that many width/height relationships exist, preponderantly not so close to the golden ratio, and with approximately the same number of portrait and landscape proportions. In order to verify the results, the same analysis is now made using nine other databases. The results are shown in Fig. 4 for all 10 databases and the total database at the position #11 with the maximum of the width/height histogram (left) and the golden ratio to maximum ratio (right). The maximum (left) corresponds to the two numbers written in Fig. 2 and the ratios (right) correspond to the values at the golden ratio (0.61 and 1.61) divided by the two peak values.
It is clear from the figure that all of the databases have the maximum of the height/ width proportions around 0.8 and 1.3. The photograph databases (# 3, 8 and 9) corresponds well with these numbers. The mean of all databases are (0.77 and 1.34). This is different from the total database (#11) as this is strongly influenced by the large photography database. The photographs and the Japanese art collection (#7) have discrete width/height values, and so the golden ratio value does not occur at all. The portrait to landscape ratio for all databases is 1.46, i.e. very similar to the Cfga portrait/landscape ratio.
The photographic collections height/width histogram is shown in Fig. 5 . Several discrete peaks are shown in the figure. The main ones correspond to uncropped 3/2 aspect ratio cameras, while some of the histogram discrete peaks can be linked to other uncropped aspect ratios (1/1, 5/4, and 4/3 mainly). If these uncropped photos are removed from the database, the photographs also adhere approximately to the 0.8 and 1.3 proportions. The portrait to landscape ratio is very different for the photographs, as can be seen in Fig. 5 . This ratio is 0.64, thus there are 56 % more landscape than portrait photographs in these databases. Is there pure mathematics behind art, is it related to perceptual illusions, or other preferential behaviors, or are practical matters explaining art proportions. This study investigates these matters through a large-scale study of painting and photographs.
The first conclusion from this study is that the golden ratio (1.61) does not seem to be relevant, none withstanding the large number of publications that seem to indicate otherwise. All paintings are found to have mainly rectangular proportions with approximately 50 % more portrait than landscape images. In the case of the photographs, there are around 56 % more landscape than portrait images.
The most common proportions are found to be around 0.8 and 1.25, which is less rectangular than modern time media (1.41 for A4 paper format, 1.78 for 16/9 HDTV). The photographs are found to be in large part uncropped, and having the proportions of the aspect ratio of the camera, most often 3/2, sometimes 1/1 or 5/4.
The present findings are also is in opposition to the early findings of Fechner (1876) and Lalo (1908) , that found preferences though analysis of book proportions closer to the golden ratio.
As a final word, with regards to proportions, anything goes, as long as it is rectangular with the width to height ratio within the limits of 0.25 to almost 1, or the inverse in the case of landscape images. However, if you want to adhere to the most popular choice, this is found at approximately 0.8.
